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(57) Abstract: 



PURPOSE: A semiconductor memory device having a multiple tunnel 
junction layer and' a method of fabricating the same are provided to 
prevent leakage of current through the multiple tunnel junction layer by 
reducing the width of the multiple tunnel junction layer. 

CONSTITUTION: A semiconductor memory device includes the first 
and the second conductive regions(224d ,224s) arranged at a 
semiconductor substrate(200) while proceeding parallelto each other. 
A storage node(204a) and a multiple tunnel junction layer pattern 
(210a) are sequentially deposited on the channel region between' the 
first and the second conductive regions(224d ,224s). A data line(222) 

is formed on the multiple tunnel junction layer pattern(21 1) while proceeding parallel to the first and the second conductive 
regions(224d,224s). A word line(228) crosses the data line(222) while covering both side walls of the multiple tunnel junction 
layer pattern and both side walls of the storage node(204a). When viewed from the cross section proceeding parallel to the 
word line(228), the width of the multiple tunnel junction layer pattern is established to be smaller than the width of the data 
line(222) and the width of the storage node(204a). 
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E IS oHHB] bh^jil 7\^X\m LEFtf S0| Q. 

e 2a^ s i£j i-r« cm* mtm y\^nsi chiuxi sse aoioiziigoia. 

£ 2b£ IE 12] 11-11 'M [CO- ?loH£! gEH^J Bffij&l ?|2|S«2| (HIUXI SSE CLI-OICH HBQICh 

E E 321 Ill-Ill [[£(• S WS2| HHf*!*j- gA|0j|0|| COS H!E» Lj-Ef-td E^S 

E0ICK 

E 4fe E iv-IVM tm .M«IS S W32| UtBSft tfAIOflOII &E*]| ?|ej&*IM UEKfl S3 

-3lUlL_f» 
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E 5a"£ S 4aE| V-V 'M CO-Ef *1SH2 B e^2] HH,^ £A|B1IWI COE ^E*{| 3?|2<^z|2] WiLffl *j 
E QF0|On s J0|Qh 

E 5b~ E 4a2] VI-VI UJ-E}- *|frB2 B BSS| HF&^tj- 4'A|CHIWI CO-g SSSI }|2]§-x|2] W|LW 2! 

E o-oioaisoiQ. 

E 6a LHXI E 1Ga~ E 32] lll-IH'l [DEh ?I*H2 B »^oj £ A |Q1!WI CUE eEfll ?|2j5«2J a£ 
E 6b LHXI E 10b& E 32]. IV-IVM [KF flflS B g^2] at ^AlCfllCHI COS BES ?|9!5»2| as 

wh* ess^i *it* ssssemoid. 

E 11a£ E 32| Ill-lire [03- £ioH£! B Xil 2 g ATM (HI [QS BJSa 7l^§x|2] fl2»B'S- S3 

E 11b£ E 3°| IV-IV'M COEt WIS B SS2| 32 £ A] Oil Oil [EH effifl 3|2|8*|2| a£SB# £2 
oK?l SSEraEMOIQ. 

= etsai 5ieis*i a n assawi s^aoich 

C|g(ORAM)S Oil ^ (SRAM )lh ITS ^g-SWI HITCH,. »«S S^MAi £g 23E1 31 4 2LQ. S 

tt. sehai niseis* irs ?i2is*ioi umo\ mm §s# ato, nau 7a§s ami 

Em SXISPI Z&mS.^. E|=EH£|(ref resh)tH^O10|: E h SS 3ulS!Q. TQ-EI-AI , : CH?I HE 

(stand-by mode)0ilA1E ±St!Ch OlOfl U|«KR« SHHAI Wl SB! (f lash merriory)2|- ITS blflfifg Dfl 

sei a»= wisei mmm £»ai£iAi3i m er?\- as s-si wsd. uejll wisei .«» =S3 
gAi?i7iu ^ai^i £|ukh s= aaoi gssra, ciisoiu m^bm umi-ot ^^e^f h^i esi 

^OT J2 SJEK 01 CHI CD-EL Lisa- IZHAI WIS El a BttAlB a"SS DR^tH *ij 5, 952, 6922 Wl 

'}H£!§! UHEICH ^ZExHllt ^ ^I^^AKE^ a^HS LPTOS(Nakazato) EWi 2|fl Al & 

UF HQ. 

E IS gEH2j Lf# El^Stm ^ ^EXjj 71^^x1 2] E^l a.# UEFtf E30IQ. 

E m mzmZ, ei-Eai ?|e{§^|2J E^l S5 eaXI^EKplarar. transistor) S 4*3 MSiXI^EI 
(vertical transistor)! StMtK fe^l 85 M?HX|^Ei~ ^Exll 7I5.H(100)2J ^gS^WI SSEIal Ai 
S OI^S EEIIE' S^(124d) a S^(124s)lK ^1 EHi2J S^(124d) g g^(124s) Al- 

0I2J xU^ S« A^j hhxIS ^°>||0|M( 104)1 itJttCK Dt^lAi, ;^| EEil°i S^(124d)g HIME^CHI 
tH^FH, ^°>il 01^(104)^ ^SEIXI biEWI oH^QK 4^1 ^SEIXI irE(104) a 4^1 xHtt 3 

3 Ami oil ^ TBoiM agsK 102)01 waaa. 

4^1 ^SEIXI irE(104) ^Oil Lhg EiHSftl-* n@(muitiple tunnel junction layer pattern; 110) a 
QIOIEI- Er2l (122)01 *|-2i|S ^e&CK 6^1 Cr# EiHStfS !@(110)£ MS BUTOPraAl 

BHHBSK 106) S! Ei^ ^3^(108)1 5*^Q. ^1 EiaSt^S IH §1(1 10)2] 

(utmost top layer)^ 4^1 106). E^ fe^l E1B 13S|(108)S ^ ^| QIOIEF E}£! 

(122)S S§aO) AiS OlSt!" ^?H2J !7|S< S^I^HS S^SCK ^1 ^SEIXI kE(104), ^ 

EiaatJ-s is (iio) a qioiei- efei (222)21 ^101^ s&agsK 126)01 ssa. ^ 

^1 >II0IM §Z»-§S^(126)s QijQiEF Ef£!(122)2J fe^ Etf S^Q. 

^1 TilOlM #Z^9^j"(126) SOil Q1I0IEF E^Ei(122)e g|EEFE!( 128)01 HHflSQ. 4^1 

?4EEh2l(128)S 691 ^SEIXI h:E(104) S fe^l E1^S^# lie (110)21- g^ElE^ HHSSCK 
»3I QIOIEI- EKK-122), ^I QI EJHSWft nS(110) f tf7| ±£EIX1 kE(104) S .tf^l $IEEISI 
(128)S g?\ ^ M?HXI^E1M ?«t»CK 017IA)/ 6f?| QOIEF Ef£.i(122)^ 4^3 M?S7;|^E12J EEII2] 
Wl oH&oQ ^1 ±EE\J\ iE(104)^ ±2.±m oH§t!CK 

E 2a& E 121 CO-EI- SEH2J u[El 71^ §fl2J WlLiT^I SJE QOIOiHISOILK 

E 2b^ E 12] ll-IT! DEF ?I^H2! SSH2] BEH ^121 &x|2] WIL1XI ^E EMI 013 ISO ILK 

E 2a S E 2bl fe^I 4^ ^?HX|^E-|2J ^S^r(122) S =321(104) AhOIWIAI Q# El 

ast-^ m@(iio)s fe^i Eiaissj- eh §i(.io8)oi asafe ^^hbj s= s^is^mm ?>^q. 



128)2] S*/o S uh£a|SKi06)2| ^«WI ©(accumulation layer)0| SSSQ. 
OIWI 2]uhDL tiiojb ■ft-2hBSS(-(i26)«S^E1 ^§71EPW|21 #?\ EIBBS^ E|g(-.108)g SCH^ 
— ^ fes S?|§^g H 12K CHAISE (stand-by mode)WIAl SCH^^ W~ S^IS^S ?t 

= Eiuaasr ng'(i08)si shm m^foi ^oi »«w «»oi soeiek 

B ^ h S0| OI^UXFSfe lhaS Cf# IHSS ^ 2oh2] V^l S75)ol gj-^AlB ^ 

24-3 



^2003-0029203 



s= ejaa a n hzbh* a>ftt=a sick 

e irsoi oi^hxf he 7i§sj ara^ a*ra s^Aisai- ona aimm ^ 

»sa 713 §*i a a a£»2* 193*1=01 aa. 

e »S2i sc« sra^ ferg g^isstniAi g7i g^-g soi?s qkxi 713 §s a 3 
asses aissr^ai siq. 

#71 7IS3 Chg ENtfStift IBSs ST= SEA! 7I3&£|(HI 2|fl 1TSEI0I S 4^ SICK 01 ah 

£31 7H2r*l°i MSjAI^EI a M?HA|£Eitt St^Eh #71 ^ehxi^EI^ BJESI 

^ss^oii hhxieih ai£ 013s an si ^12 ess s^mik- #71 hi 2 m ess s^m 

AHDISI xH^S^ #011 HHxI^i ^£E|A| kEM " SHftCK #71 ±£E173 kEEF #71 xfigg^ AK3IM n 
OK Sgsv H@0| 7HHISQ. E*K #71 ^3 MBXI-!fife #7| ±SEJ7] kE£h #71 ±£EW kE 
SOII HHxl£! Cf# EIHStJ-S #71 Oft ElSSim DgSI #^M 7eA|2£ QIOIEr Er32 r , 

#71 D# Ei^Stm SH@.a #7| ^ME|A| kE# g£D| #7 1 QUO I Eh EH3 £W§ 7SA|5£ o|E£r 
B!» StttJQ. #71 °4EEr3 a #7| EF# EIHStJS HIS AK3I2L #71 S)EE r 3 a #71 ±MEIX| 
kE AfOIOil TiiOlM #2>S3°H3I 7HHSQ. #71 «EEK!ffl- ItSS!" MCMS IB. #71 Lm 

Eiygt^e EH@°I #71 ±£EIA| kE a #7| QilOIEF £l°J2| ^MQ SEK ^, ^1 Cf| Ei^S 
tt« SUSS HttS S^OilAj »=Ch CQ-ErAI, #71 Qm EltfEiJ-# B@'2| aHXI^f ^ 

01 *rfl2R« &£AIS 4= SICK #71 ±S£W kE^ §5 eHHXj^Ei2J 7i|0|M 2^ Oil 

«SWjU- §AIQil #71 Mg!7J±E|2| CHI flgeCh EU-EfAl , #71 Ef# Ei^S^e tm 

2.3. ^E1 #7| #7| ^SEIXI kE^MEPI lUSOfl #7| ?-!EEF°J^ #7| ±£R\X\ b:E AI-OIEJ 3HH 

0| ^E*|] 7I^^XlM Si-ESII7IS21 ^gS^MOil *» g»tf a 1 COEh 2^5j 



71 Q# Ei^glfSS BJ-ESIS} a Eia§3Hj-l Sg-OPHS S^5j£5 ^!#eKM~a#.€Ch #7f&Ei 
S}g #71 ^MEIAI hiE^MO- BHhE ±\^mW ^ IIS ^#§fe SOI HUT^hQ. #71 
M# XH°^ m^JW2\ ^ ^EH^J (is land-shaped) ^WgEI^ Igfi* S#oHl, #71 ^X^EI^ fflSM 
01 ^^£J 11H 33 #011 HHd^M S#tCh. #71 HHd^, #71 Lf-# El^g^e, #7! ±£E|A| k 
E5[ a #71 71101 M 1^1 3^^!^^ IHEiytPt #71 g gtSt^ ^4=;H^J QIIOIBh E|-3Mm 

S#t^2l- SAI Oil #71 ^ L1I0IEF EF31 3|-^Qll ?lx|£j- #7t ^Xf^EI°i# AK3|£] S^S LH&il xiaiS 5j 
#3 TilOlE 13^- EHS, ^£E|A| iE EB@ a Eh# Ei^St^S ^#t>Q. #71 E^ Eia2& 

#~ #71 ±£Z\X\ biES}" a #71 HH^^SQ BBS ^^"11 7FA|H^ #7[ LijOIEf Ef31 7^AJM^ 
gtFll- gtStl S"3^S SOj^ IBI, #71 Eh# EiySt^# l@BJ.s« ^^EIXI h:E2J = a #71 
□lOIEf Eh3HJ ^SL}- gCh OIGHAI, #71 ^^EIAI kEM# ^ 12I#£J 33 #011 ES^tJ- >1I0[E 

#^§sefg s^cf. #7i TioiM •aaasf #wi #71 cf# Eiustv«si ^ a #71 ^meixi k 

ESI SH #71 QI0IEI- EF31°1 #¥M 7KA|2^ 9IEEIS!* 'ttStO. 

#71 ±^E\X\- kEl ^gtJ- ^(HL #71 ±ER\X\ kE2J °»= gOfl #71 ^E 31 7 1 SHI M^M S 

S#^ K 4^ SiEK 

01^1- E3g g-ZEol-Ol g Um*\ii ^AIWIM # Ail o 1-711 ^gul-ES *}CK 3E1LK B 

^ 017IA1 ^SEIOIXI^ ^AIOllMOll ^gE|A| STU EhE ^EHS ^aitH ^E 2iQK ^uia, D\?\M ± 
^HE!^ ^'A|0||~ 7HAI& LH SOI §7cffiHI g-SoBl 4 SIE^ HE1H SaXHHITH B AF#0I #M 

ol 4 2«E^ m7| ^loH X1I^E|01A|~ 20IQ. E3M01I aCHA1, # a S^M^l S^Sl 

7l5h7| °loKD1 SI-S-EI012 S01Q. Etl. #01 DM # E^ 715 '#'011 SiO-H 3^EICHAI^ 3°0U II 
EFS # E^ 715 #0il 5|S SSI 4 S71U E^ HI AfOIQil X113^J #01 4^E HQ. S 

MM EMM mm] mmtt SA|£! =?#fi^fci Lf-EF^Q. 

E 3g'g bUT^tl ^AlOtlQll ME &ESI 71^1 SSI LfEhtf S3E0IH, E 4a^ E 32] |||- 

3°J IV-IV'M CLfEh ?|oH2! B Hf^Sj^ 4'A|01I01I [CfE BSfl 7|2!S*|# LI-EFtf B3EOIEK 

E 3, E 4a a E 4b# M5uf3, &E3I 7IB(200.)£J 4rSS^WI A1S StSSJ- Sill ESS S^(224d) 
a ^12 E2^ S^(224s)0l HHxI^iEh. #7 1 7^1 1 a 992 E2£ S^M(224d. 224s)£ g gtf, ^iS 

tfSI- ItSeWI HHxi£!Eh #-71 ESS S^'(224d)S H|MEF3°1 ""e?SS ofOl, S^g^7l(sense 
amplifier; EAIuhXI S^SD. #71 M\ ^'l]\2 ESS S^#C224d, 224s) AK3I2J #7j BE» ■ 

715(200) #011 #71 S .WftW CCfEF M^HHJ □# EBSM (multiple layered patterns; 211)01 
HHXISLK #71 IBSM(211) AH3I2J S^MS i»SE|5j- EH & (2 18) OH 2\U fflftaCK #7| ^Af^ 
El°t 1B@(21B)S #71 7I£K200)2J LH^M S&ElOi AjS 0IS§fe #71 Q# 5I1SM(211)# S 

a«i ^EiAiaa. #71 ef# ass(2ii)si »a S ^seiaj kE(204a) a q# aaatj- 

# JiH@(210a)f 5tJt!-Q. 

#7| El# El^SlJ-g nH@(210a)S S!§0F7r3AI Bf^2S ^•E^l^l EfjQ(20Ga) a Ely ^3 

^ IH@(tunnel insulating layer; 208a)g 54Jt>CK #71 Qm EiyS^e SH§j(210a)°l 5l#^ 
(utmost top layer)s ggnk iHS(208a) E^ #7| ShEaSf IB (206a )S 4 SIQ. 

#7| E r # Ei^g^# M@S(21.Qa) a D\m AhOISj #71 iAhMEISj- ffl@(218) #011 CIIOIEh Er3 (222)01 
HH«SQ. CCrEW, #71 LiiOiEf Er3(222)£ #71 7311 3! 392 E3S 3^B(224d, 224s) AKJIOO HHxj^j 
Eh #71 QIOIEh EF3(222) #011 ^HUSS^ Iie(221)0| HHxl^ 4^E SID. #71 DJIOlEh Er3(222)£J # 
7F^Ei mt^tt $IEEr2JM(228)0| HHxIEJLK #7| " SEEK! (228) fi2] #71 
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EOT !rE(204a)2j gf 5! #71 QS BUSttA SHS (210a)EJ |^|| BSD. #7| ?JEE!-°] 

M(228) SI #^71 ±MEOT. kE#(204a)Sj Af0|£f #71 ?4EE[-°i=(228) S #71 Gh# ElUSiftM 

EII@M(210a)2J AHDIQil 55 #ZM3^(226)0| OTSCh 

#71 «EEK!g(228)S tfEISSJQIJl, #71 ±ME|Xi h:E(204a)^ tf5ISS|2! .201 

HFEfflflfCh #71 BfEflsf m@(206a)S SgSESI^S SOI HUfSISlO. 

#71 «EEra»(228)af W*Jti B3HM fifflS HL #71 Lf# ElSSthS n@(210a)2| ^ #71 ±£ 
EIXI kE(204a)2j ^ SI #71 QJIOIB Eh°i(222)°J ^MLF HQ. EEFEKM , #71 LF# ElUSItt* fflS 
(210a)2J g*=£M #71 ^MEJXI kE(204a)EJ .3 7h§ffi£|2| #^S£ #71 SIEEhSK 208 )2F §*]E|Oi 
#7!.>iMEIXI !xE(234a) 5! #71 SIEEh3(228) AMD I Oil TiEHAIg^M HB»Q. 

373, **7I S= (write- BodeJOHAI, #7| QI0IEI- EF2I(222)(HI QIOIEh 32» #71 ?JEEh°!(22 

8)(H| i*7| aSKwrlte voltage® 2!7F*!D. 0|0f| EGEb #71 fifiasf III S# ( 206a )MEJ ^#Dil ^3 
S MB (inversion channel)0l §#E|H #7| Eiti §3^ 3I!i@M(2Q8a)e SoKM Ei^g 3^7r H§Q, 
3 1HK #71 QI0IH EE! (222)011 37l£! 32HHI im #71 ±£EIXI irE (204a) LH CHI 37tf# S& S3 

#oi sissq. u\m xis-s a*«s # k 7i ■bsmshxi^eisi s^agre s&Ai&a. 

QSWL #71 ^^EIAI icECHI flSS SfiM SKHLH7I £loHM., #71 ?-IEEf£iQil g]7| Spread 
voltage)^ 2DmH #71 HI2 E3# (22 4s) CHI Sj^tl 3&, MI3CH 2X1 32m 371*10. 01 Oil . ED- 

ek #71 as ^jxi^E-iBj sqasroi #7i s^iasfMp- ^ a?oi= #71 as msixi^e^ 
■ eeich #71 ai E3# §^(224d)# #3{-oi *mai s^ck oiaj- eras, #71 as mh*i±ei 
ej stasia #71 £^71 a mq s^tni^ 4^1 as- m^hai^ei^f sseioi 4^1 hii Eas § 

^(224d)# S^KM aff?F H«Lh. Olffl, 4^1 ^MEIAI hiE(204a) SI 4^1 ?JEEr2l(228) M0l°J SS 
3^01 g?rEIE 4^1 ^MEIAI iE(204a)Qi! ^IEI~ a^S 4^1 9l£BKj(228)0l °l?rEI^ ST 

on 7HMIHQ. n siK 4^1 a^iaer^ s^aii ^ sck 

E 5a^ E 4a2J V-V'M CU-Eh ?l§Ha fi- BJ92I H^tJ" tfAIOHOfl CCFE &Effl 71 2(5*1 2J OilUAl S! 

E DOiOIIllSOIIl, E 5bt E 4a£J VI-VI'M COEh ?ltfl2 £ brS^ ^AIMIWI CD€ 71 
2J§*1°1 Q1IUAI H JjE QoioaaoiQ. 

E^Oil SiOIAl SAia Q# E-iaS^S^I ^Oi S^M UEH-HH, ^aHS 5AIS 
0# EI^S^SJ ^0| K go t LEK2CK 

E 5a S! E 5bS &3£u r a, 
5| IHi!(206a)2J S= ^^CHI 

01 4 k 7| ^M^i ti-MQ S?, #71 ^Ex-il^ EH@(206a)°| CHIUAI ^E^ a&^I^S S 

^ a^lM ?>^D. & h 7| Ely IfjS(2DSa)E4 (HIUAI Eti" #71 ^El-ll^ IS (206a) E] CtflUAJ 

$$\m [Kh S0R3Q. ECl-EFAt, #71 Ei^ SH§(208a)S Ei^lj^fe a^rEJ ^^01 ^Xiul MOi^ 

q. a«s«i* m^t\ mn #71 Bsasnie(2ioa)2i ^ o.woieej aoi uiasina; 

S ^StHI 4:^1 ^!HA|^Ei°J ±2± SI EEH2J AFOIE] ifgSgf ^ 4 2iB, ^11 

tl-S S^OilAl ^rSEIXi inE S SIEE1-2J MOIEJ ^EHAIS^M ^CHSAIS -4 SiQ. 

E 6a LHAi E 10a^ E 3£J Ill-Ill 1 * CQEh *|*H3 S ^SEJ H^ 1 ^ flAINOI CCfE 7|2JS«2| 
^gol-71 SSB^EMOILK 

E 6b LHAI E 10b^ E 32] IV-IV'M ETJEr ?I^H3 ^ UfEWtl" ^Al Oil CHI E0# BIJEfll 7|2isae| 

E 6a 3! E 6bt &5oh3, B!£fll 7IEK200) #0il TilOIS §3^(202), ^SEIAI hiE^(204), Q# El 
«at«(210) a »«7iaai 3DF7dA|^(214)M #71 Ely St«(210)S st(206) 

Si Eiy^^°|(208)m ^IJOCTSAI "1-^^ Sj^hOj ^^tlQ. #7| SJ-EX||^(206)£ #71 ^SEIAI 

ixE^-(204)MQ mm *rms ^>n ia-ti#e ?>- mm^-w, wmiw MEi^n^nm^s. 
ofe aoi b^um. Etr, #7i ei^§s^(2D8)^ ^eieh^h^ ^#oi~ 2101 u^tti-. #71 

£|*J7|31|S| 3D|-7cl7:|5i-(214)g S«ol-7| 3 CHI #71 EIUStlft(210) #EJ. a 3 CHI #¥ £3^(2 1.2 )g 
□ ^#^- 4E 2iQ. #71 #^£3^(212) SI #71 ^SEIAI irE^(204)^ E^S^! 

201 UHraSICI-. #71 Lf# EiyS^#(21D)EJ S sl#SS ^ ^Ex-il^ E^ E1^ 

E 7a SI E Tbm #71 30^X1^(214), #7| #^E3^(212), #7| Lm Ei^S 

&S(210), #71 ^E|X| icES{-(204), #7| >1I0|M 13^(202) S! #71 BEM 7I5(200)M »gg Sfl 

Eiy^foi ts str si g ^ftm eej-ef 2^^^^ mm** Mess s^#(2i6)# ss^ck #7i 

MSlxl S^M(216)S #71 uj-EX-fl 7I£K20Q)CHI Qjl^l « EH (mesh-shaped )S| S^sq« '«at»Qi 

E 8a S! E 8bM S^h3, #71 MS! X| §31(21 6)1 ?>~ ^E^l 7IS(200)2| 33CHI #7| M^Al S 
^M(216)M xH°^ £»ME|5m ^#*!Ch. #7! i^7lfl|Sj 30I-X|A|5 1 , -(214)0I k^ElE^ #"71 
EI^M 33^I^F01 #71 Egm S3M(216)# xH°^ ^4;HBj Ai ^ EH 2j( island-shaped) ^X^E|Sf 
1SM(218)1 ^^^D. ^l^^S, #71 ^A^E[°| nHSM(218)S tS St* SI ^ St^S EKF Ztm 
HHBBD. #71 ^XWE|S» 3S*!^fe iW7IT|a| 30h S§M XmmO\ SAIufe 2 

01 UhBSBm. OIOJAI, #71 k§S t}*t7l^l^ 3DfflX|^(214)s JIITitKfl #71 #¥£3^(212)1 k 

^AiaQ. 



#71 3HS§3^S ^E|? A^Dh c£^ ^iga g^og 201 H^^fCK #71 ?H 
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S§9^ S7I HHflSj g S7I S^E2S»"(212)1 3^3£S IHE^ofCtt 4 k 7l S StHB- StStl 
?HS§3^ EBg #(221) SI 31 OHEHM SlxISfe ^4^H2| CflOlEF E r 3M(222)l «s*>d. 

£71 MOID Er31(222)°l g Stfiil- gtH£> 3£! SOil £ISSr= S7| ±X r MEI^ Ei@S 

(218)1 §=D. EtJ, S7I COOID Ef31 (222)21 Ar?| 3H1§3^ IH 0(221 )2J u^CHi £1*1 or= 

HH4K220) a S7| HH £1(220)111- S7| D« Eltf 2fi-#(210) AfQICHI S^ES^- H@(212)£S ^ 

«BD. S7I HHd^Ht E^S£! tfEISSt E^ ■HAKIIEetSS *!Sor= 3^01!^ S7I £«£Sst 
(212)1 SSor= SSI ^E SICK TU^HAi. S7| 01 01 Eh Er 3 1(222) AHDIQil ir^£! #71 D 

# EiU3ft!*(210) # S7| ±£Z.m bzE^(204) a S7I XIOIM §3^(202)1 3^3^ *|2»KM S 
71 QIOID Er3 1(222) t&°l S7| EH SI (21 8) AH3I5J g^CHi TflOlM assj- EH g (202a), 

£££IXI hiE(204a) a D6 EiHS&s ffll@ (210a)0| aIEIIS **$7H2\ *j# 5H@g(211)g «S 

ti-Q. 01 HhSOilAI, S7I Om EiHattt(210)S S7I HH£t°^ S9I S^ES^(212) a S7| ^£E|X1 
kESj-(204)MD HHFS- 5T7I 01 SOL S7| Oil 01 El- Er31(222)l 7SX|2^ B«f2| B31 MX 

i tin, S7i am huskm jin@s(2ioa)^ s-71 mm ae«(222)2i * a ±seixi ^ei 

(204a)°J ^SD S£ ^fi SfeQ. £J7I D* Ei^S^i- H@l(210a)2J Sg-OPhSAI ^awo 

S 3#S IS (206a) g Ely 13^ EH@(208a)£M :?SSD. TJI^tHAI, #71 EflQIEl- Er31 

(222) AK3I2J S7| BHEH 715(200)011 g^iii m$7l\°i BtS*! ESS §^M> ^ 391 S 

X1i2 ESS S^l(224d, 224s)l SStlD. 

E 10a a E ICbl S7| 791 a HI 2 ESS S^M(224d, 224s) 01 *JS£! 32rl2| S3 SOil 

Til 01^ 3^(226)1 53S&WI SStJD. S7I 3#EH@1(211) gf^BjOII S7| >ii0|M #Zf§3Sj 

(226)£ 43 MS!*I±Ei2] no\E HSSHHI *IStEh S7I TilOIH #ZH§3^ k (226)§ £JEI5 
^'Elffi't^ ee^ OIM^J ^tJ-^S ^ 2AQ. ^71 71101^ #Z.^35|(226) SCHI <^^7E1XI^(E 

Al^^l S^MJS ^7S SS^- ^>E OtIEjCH. S7I 71101^ «^2°i(226)M ^EI5 S 

AiuhSS ^EI5 It^^l ^7S ^SW ^E SICK S7I >ij0|M #Z^3^(226) SI ^73X1^ 

m S^Exll7IS£J S3 SOil ^§3^(227)M SStl-Q. 

OlOiAi EAimXI^ SetXISf. S7I a|^X|5|0| UK UHUhXI S7I #Z»S3^(227)g SHEiyufOI S7I 
^X^EI^I nHSM(218) AhOISI #SS^ S^Oil S7| Oil 01 Eh Eh3M(222)£J 7^A|s^ m^JW^ 

n^^mm aS^Q. QgCHL S7I irSS! ^^Tasj-g '^zHTHM S7I 7ilOIM ^^3^(226)^ kg 
AlgJCK 3"^ S7I Til 01 M #^3^(226)^ SSoOT Sf§ 3^, 3^1 SS*I ^ >1I0|M 

sss ^e so. S7i mtwsn 3^1 lhihi s^si qo^i Ai-guhoi ^*th9 ^jeef 

3M (228)1 SSSIO. S7| $IEEF3S(228)2J S7| >:£E|A| kEM(204a)2J °f a S7| 

am Eiusv* n«ss(2ioa)°j s ^fi s^o. 

E 11aS E 32] Ill-Ill " s [QEt ?I^S g fe h S2| ^2 ^AldlDil [Q# ^El-fl 7|2j§«2j SOig^M 
oh7l ?lti- SS93EMOIQ. 

E llbfe E 3°J IV-IV'M CCfEl- ?|tHS S BI2 ^AIMIOil [QE 7|2jg«2| SI^SSM 

th7| ?ltJ- SS93EM0IQ, 

E 11a a E libs S^oiS. ^rA^EI^ HBgEJ S^l AILfe DilOIEI E|-3M(222) a S7I DIOIHJ- EF 
31(222) uF^2j S7I ^Af^EI^ EH0i(218) AF0IH1 S^Dil TilOlM §3Sf EH S (202a), ^MEIXI kE 
(204a) a EiaStJ-S IH@(210a)0| *f3E ^^H2J ^§ EH (21 1)1 EWFXI 

~ Sa*!- 391 ^A|01|£F S8»H>. 

Tll^BAI, S7| 5j#l@M(211)0| 1*S*! gSFlOil gi^hSSl ^AltKfl S7| Oil 01 Eh Ef3 1(222), S 
71 Ely 2 ^-#(21 Ob) a S7I ^MEIXI kE(204a)2J ^Iffl §^^(230)1 SStHlK 

oisfswiai, s-ch^^^ ±mmo\ S7i am EiBa«-»(2io)oi or wei ita-aoi S7i qioief ef 

31(222)1 7^A|2^ B3^S SOjAI- S7I Q# Eiya^# EH§!(210a)2| ^m □ 1 

B ^ SICK OlOiAi. S7| Si!»5K230)S Jffltm Ol^ggs ai tfA |0ia- 

lH^j^, S-71 ^SEIXI kE(204a) a S7| HSEI- E(3(222)°J ^m gO|X| S^H S7I Ely 2 
li!(210a)H| ^1 MCHg^S^ S7I Q# EiBSt,^ EHS(210a)l gt!" V^S^l ^A|^ Oh 
S-71 2* ?-iEE^l(228)lh S71 2| ^SEIAl kEl(204a)O| ^E|^ 3^1 ^CH2hA|^ 4 

ap. 

SstJ- HhSh SOI S ^Oil [0-^3, QUO I El- EI-3 a ^SEIXI biE°J ^1 10IAI Sffi Chi- Eiya^# 
MS^^ ^SEIXI kE5 ¥Ei QilOIEj-Efai ^^SWl ^XIW ^ SSts ?-IEE|- 

3 5! ^SEIXI AI-0I2J ^3^1 ^CHsFAIS 4= SID. 01 CHI E&EK CH7ISECHIAi UOIEfSXi^S 
(retention characteristic)! t^SAil ^ SlU, ^7|S^1 &iA|^ ^ Si^E^ HS^ ^El{| 71^1 
^Xfl ^SSfe 201 7fe£IO. 

U^S 1 

^Exl 7I5I-2J ^gS^Qii bHx|£|H AiS StSE]" Xill a 99 2 ES's^l; 

S7| 731 1 a 3312 ES g^l AH3|°1 xHSS^ SOil ^£E|X| kE a D# E1B2t^# 0 

@ (multiple tunnel junction layer pattern); 

S7i am Ei^mim me soil hha-ieih s7i aii a 32 es s^isf Lt&y boib ekij s 
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#71 aioiEi- ei-°i #^e ji^kieu #71 am eihs^s nisei %m^m a #7i ±seixi h:E2j 

S»tqH. g£ #71 %\BR\°12t StSt* SBSHS^EI MOI3 Uli, D# Ei 

HSttM #71 QDOIEf £1-2! 2J s g ^£EI73 iE°J ^MEF g£ <5F^ 

BfSai 7I2J3-XI. 

HI *HH 21MAI, 

#71 ±£E|Xj tE a #71 xHyS<3 AHDIOfl JHJHS TflOlE §3^# Q StBfe HS££ 
&SM 7|2| sa. 

HI *HH SiCHAJ, 

#71 Q# EIUSKMI BBS, 

ai7H§«. " .. 

HStKN SICHAI, 

#71 BSSISf nes.flaasQ b&&» a ^2M0| HHUI asus oi^ois ^shs z\= & 
sai7i5j§a. 

S?tf 5 
HI*HHaOIAL 

#71 ?4EEh2J S #71 QIOIEF EF2J AFOICHJ 7H?;BE! ?H3^S^ DBS □ Stffife Sf^ 
SJ-ESfl 7i^s-a. 

6 

HI ttH 2ACHAI, 

#71 «E£ffi|jtt #71 D» El U SUA MS AKM 9! #71 «E£E!jif #71 ^MEIXI kE AKJIM JH7.HS 
SJ-EXI7IEKHI MxIS **40H2| Btttt E2 S^M; 

#71 E3 S^-M AH)|2| #71 BEH^IS #CHI HHaIS *40H2] ^SEIAI iEg; 

#71 E3 S^Mlh StStt £ #0fl HHxIS #71 ±EE|*| bcEM AK3I2I #71 ftEflPISH **#S M|g 

#71 ^EEIXI hiEM #011 ^^H2| Eh§ ElUStlft IB SI; 

#71 MS!*! XB^fe 4XFME|°M; 

#71 EF§ Eiyaa-A IHSS 3 Hi AK)|2| #71 ±XW£|SfM\BIl #71 ES S^M ahdiwi hh*is 
*43H2| CHOI Eh Eh°»#; a 

#71 CilOIEh #^§ 7h^A|2^ s^oj $|EEF2JMM StttKL #71 *|EEraS2F S 

at!" B2^^Ei SCNS UL #71 C[# E1H2t.Ni IHSSS #7| OilOIET Ef°]EJ ^ a #7| ^SEIAI 
irEM°J ^SQ gH, #7i £|EEf£j#S ±^\X\ kEM^j a #7| Lm Eiygmft SHS 

SiOiAl, 

#7| 2J- ±MEIA| irE a #7! ^Ex^l 7 IB AfOlCHI ?H^HS 71I0IM Ei ^S^S 

oh= StEfll 7|5JSX|. 

^^tJ- 9 

H7*M SiCHAl, 

#71 D* EiU'fiW* EH SMS, 

S^0h7H31 S.^xjog ^#EI-HhExil^ EHS a El^l^^ IHS£S ^?#S 192^ ^ ^Exil 

§^ 10 

H9 4HHI SiCHAi 

#7i &Eai°»- iss oi^zr ess 4'EieMCf s^me a ^i^oi mm ^Eaie! ^g^s ti- 
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H7«H»a0IAL 

49! ^ SIEEhS a £91 2* LilOIEh Et3 AMD I (HI 7HXH*! JHSSS^ IHS# □ 3# 

a7«H»aoiAi, 

491 «EEie!2l- 491 Zf Q# EiyS^S SH@ AhOI 3 491 ^ ?4E&2!jU 491 2| ±ME|X| kE 
AFOIOfl 7HXH3 TilOlE Qi Stfofe 2§ §g££ tfe HEM 71^3*1. 

BEfiPISSI ^gg^MCHI *J SU 3 StfS CD-Eh 2^S5j^S UH1£! ^.7H2I M?!x| S 
4!S[0j mm ^EH°J SSS^B ttSttfiH- ^AICHI 491 Dfl^l «ffl2|* &«S^ 4MI XHIS S|'BS 7ilO|M 

is^, ^seixi kE^ a q# E-iystmi- agora, 491 q# Ei^stm° »£aef a eihss 

5,1 HfiOKWI am^og a«mn, 491 eiExll°^ 491 ^SEIXI kE°^Q HM-S 

e^ mmmm bum asste sm; 

491 MSSa m^lW^ U SEH^(islanchshaped) ±7JgE|Sf EHSMM a^efe Bflj; 

491 ±XfgE|5* l@g0| Sg.S HhM S3 4MI fflfls* agofe EM; 

491 HHflSf, 491 E1^SStf#, 491 ±SE|JQ kE^ a 49 1 7B'0|M §3^ H«W£3 II Ely 
«KH 491 B StflU B«J *MWH2| HOIH- Eh3#m aS4fill- SAIN, 491 2| Lil0|EFEh3# uh^Qil 
£ixl£|- 491 -i»»E|5H| .AKJI9 S^M LHOfl *hai£ TjjOlM §3*1 H@, ^£E|X| kE EH@ 

a Q# E1BS&# IHSS aSohEL ?4EE^1F StSt!" E!S££ M0}§! ILL 491 Q# ElUSttB IH 
§21 5= 491 ^£E|X| kE ^ a 491 £]EEh3£J =£Q §7il a^of^ EM; 

491 ^£E|7[| kE EHSWM 3^= S2I-B2I 23 4 v CHi aaHrt!- >i!01M §^2^1 a^Sfe Effll; a 

491 7il0|M 62JS39|- 4KH| 491 LilOIEh EEIB21 6WB. 7EJQSfe m^W^i £IEEh3Bt a 

14 

a 13 wm sumal 

491 ^SEIXI kE^S flEias*££ «SSKEL 491 ShExHI^S 4'EIS ^SDfeE|(SiBe)^ SSSfe 
15 . 

»EIIS 491 711 01 S §3^ 491 ^SEIXI kE^ a 491 Q§ Ei^S^# 4^CH1 4^ ES^M 

□ EtmiO] CHI EH 24 S^S^e t^Sol-EL 491 4 h ^ E2^ 491 DilOIEE^s UH HHEiy 

ElOi 491 Om EiaS4l# MS 4KHI 4 h ^ E2°|- IB@S ?&t\= o[~ ^Exll 

16 

ai5 4HHI SiOiAi, 

491 4^ ES^S 4"EI55|^S astfe 211 ^S^S ofe ^Exll ^|2jg^|21 a^SS. 
17 

W13WiaCHAI ? 

491 Q# ElUSVftSI StWS a £l4 v ¥#^ BfEx-ile^S a^§fe m^S.^. ?\<% 
§^18 

ai3«HHI aoiAi, 

491 ^SEIXI irEM^ a^t!" 

491 LilOIEh Ef£.ig AH3I2J LHOfl M^M^ ^JofOI 491 LilOIEh Ef£]Sh BOtt ^7H°J US 

ess a^m= e^tub □ stm^ m^s.^ o\= &s.m ^nsxisi asi?s. 

19 

a 13 tHNi aojAi, 

491 TiiOlM 135| 3ffl@, 491 ^SEITZI kE EH@ a 491 Ch§ EIUBt» PSM ^, 
491 ^SEIXI kE IS, 491 Ltm Ei^S^e SHi! 3! 491 LOO I El- Eh3^ #^(HI B'4!fle» a^oh 
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= 371 ;a 

491 mim^m a:w= BTiig □ sts^ 21 1922 *h& ersa ?ieis»2i aasa. 
20 

E13 *KHI SiOiAI. 

491 BHgSf a^i ?HS195|§ SSSl— e?tll Q SttfKI, 491 JUSBHStS 491 HHdS* ID Ely 

*pi aof liEiaaoi. &7\ diioiei era* zpra g¥oi assa^ meg as m 

§^5f21 

XI1 13 %m\ SiOIAI, 

491 mm szm<2^ ai 491 siEaeig asms safe. 

491 ^seixi kE ib@#i aata sarni mm sztaas* a ^zraasw sssfe ewi; 

491 12H aa(H §2.^32fl S^tfe 3711; 

491 iTJMEISt IHSS Ah0|2| gSjg S£ 491 «2M32fg « gfifHS ue« lUEiyfflOl 

491 ±SE|X| icE IS, 491 □# EiygiJS IH@ S! 49i QflOIEK S = 491 *mH7\ 

ami ti§ sssfe ban 

491 in MS i|2}-^X|5|g JITIofe S-fllJg 

491 ZI^Hg LHOil ESS, 1 "! Hf| SIEEEig SSSfe 3?flg 

§^22 

H1 13 *KHI SICH AI. 

491 71I0IM #2.HiS5| g SIEEKIe 37fl=. 

491 ±MEJX| icE Iggg 3»§ 2a<HI g^SSJg SSSfe 3711; 
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sat 
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